Background: Perinatally HIV-infected (PHIV+) adolescents and young adults (AYA) are at risk for suboptimal antiretroviral therapy (ART) adherence and mental health and substance use problems that, in HIV-infected adults, predict nonadherence. Studies on the relationship between psychiatric and substance use disorders (SUD) and adherence among PHIV+ AYA are limited, but may be important for informing evidence-based interventions to promote adherence. Methods: Data were analyzed from 3 annual follow-up interviews (FU2-FU4, N = 179) in a longitudinal study of PHIV+ AYA. Psychiatric disorders (anxiety, disruptive behavior, mood and SUD) were assessed with the Diagnostic Interview Schedule for Children. Adherence was self-reported missed ART doses within the past week. Viral load (VL) results were abstracted from medical charts. Multiple logistic regression analyzed cross-sectional associations between psychiatric disorders and (1) missed ART dose and (2) VL > 1000 copies/mL. Multiple linear regression assessed associations between psychiatric disorders and proportion of VL values >1000 copies/mL over time. Results: At FU2, 53% of PHIV+ AYA had any psychiatric disorder, 35% missed an ART dose in the past week and 47% had a VL > 1000 copies/mL. At FU2, behavioral disorders were associated with missed dose (P = 0.009) and VL > 1000 (P = 0.019), and mood disorders were associated with missed dose (P = 0.041). At FU4, behavioral disorders were associated with missed dose (P = 0.009). Behavioral disorders (P = 0.041), SUD (P = 0.016) and any disorder (P = 0.008) at FU2 were associated with higher proportion of VLs >1000 across FU2-FU4. Conclusions: Addressing psychiatric disorder and SUD among PHIV+ AYA may improve ART adherence outcomes in this population. Targeted interventions should be developed and tested.
A lthough global access to antiretroviral therapy (ART) has increased, adherence remains a significant barrier to actualizing the full potential of treatment. ART adherence is necessary to suppress viral replication, prevent drug resistance, limit opportunistic infections and improve HIV health outcomes. 1, 2 Moreover, viral suppression achieved through ART adherence is critical in preventing further transmission of HIV. 3 Adolescence and young adulthood are developmental stages associated with suboptimal medication adherence across chronic illnesses, [4] [5] [6] and HIV is no exception. 7, 8 A recent review found that only 62% of HIV+ adolescents and young adults (AYA) globally are adherent to ART. 9 Given that the number of HIV+ AYA is increasing around the world because of new infections and the aging of perinatally HIV-infected (PHIV+) children, it is a critical time to intervene. 10 Among HIV+ AYA, PHIV+ individuals are at particular risk for suboptimal adherence, 11 as well as mental health and substance use problems, 12, 13 which are among the strongest predictors of ART nonadherence in adults. [14] [15] [16] [17] In particular, studies show that PHIV+ AYA have rates of psychiatric disorders as high as 61% 18 and use substances at rates similar to their uninfected peers. 19 Given these risks and the life transitions associated with adolescence and young adulthood, ART adherence can be a critical challenge for PHIV+ AYA. Despite these risks, few studies have examined the association of mental health with adherence in this population, with mixed results. Some research suggests that mental health, substance use, and behavioral problems co-occur with ART nonadherence; however, they were limited by cross-sectional design. [20] [21] [22] One longitudinal study found no significant association between history of psychiatric diagnosis and history of ART adherence problems among PHIV+ AYA, 23 but mental health data were not standardized, and diagnoses may have been provided by nonmental health clinicians. Moreover, most studies on mental health and adherence in HIV+ AYA have relied on symptom questionnaires that do not examine actual psychiatric disorder, nor categories of disorder, 20, 21, 24 which are crucial for developing targeted evidence-based interventions. One exception is Kacanek et al, 25 who found an association between mood and behavior disorder and lower adherence, but inclusion criteria limited analysis to those who were adherent at study entry and included children and adolescents only, not young adults.
Although there is limited evidence on the association between mental health and substance use disorders (SUD) and ART adherence problems among PHIV+ AYA, an associationparticularly with mood and SUD-has been demonstrated in adults and behaviorally HIV-infected AYA. 15, [26] [27] [28] This literature has led to the creation of targeted evidence-based interventions to address cooccurring ART adherence and depression problems 29, 30 and adherence and substance use problems. 31 Given the millions of youths growing up with HIV around the world, it is important to identify the factors contributing to ART nonadherence for PHIV+ AYA so that effective interventions can be developed.
This study examines the associations of specific categories of psychiatric disorders, including substance use, with ART adherence over 3 time points among PHIV+ AYA. Using a highly validated psychiatric diagnostic interview, we document the association of anxiety, mood, behavior and SUD with both adherence and a biomarker of HIV-related health (viremia).
The Child and Adolescent Self-Awareness and Health study (CASAH) is an ongoing longitudinal cohort study of PHIV+ youth and perinatally HIV-exposed but uninfected youth and their caregivers. Youth-caregiver dyads were recruited from 2003 to 2008 from medical centers in New York City. Inclusion criteria at baseline were youth 9-16 years of age with perinatal exposure to HIV; cognitive capacity to complete the interview (excluding youth with severe mental deficiency, autism or psychosis); English or Spanish speaking; and caregiver with legal capacity to sign consent for youth participation. All youth provided assent. These analyses focus on PHIV+ youth only. Of the 206 enrolled PHIV+ youth/caregiver dyads, 196 completed the baseline interview and 164 caregiveryouth dyads completed a follow-up (FU1) interview approximately 18 months later.
CASAH obtained additional funding to continue following the cohort (CASAH2) and investigate the impact of HIV on youth as they moved through adolescence into young adulthood. Three annual follow-up assessments (FU2, FU3 and FU4) were added. All participants from the initial CASAH were eligible to participate if they met the following criteria: youth was ≥13 years and at least 12 months had elapsed since last follow up. A total of 179 PHIV+ AYA completed FU2; 148 completed FU3; and 146 completed FU4.
Interviews were administered by trained bachelor-and masters-level research assistants at the participant's home, medical center or CASAH offices. Caregivers were interviewed separately (usually concurrently with the youth). Caregivers and AYA ≥18 years gave written informed consent. Youth <18 gave written assent and caregivers provided written informed permission for youth participation. Participants were compensated for time and travel expenses.
Data sources for these analyses include PHIV+ AYA and caregiver interviews from FU2, FU3 and FU4 and PHIV+ AYA medical chart data, including viral load (VL), obtained directly to correspond with interview dates.
Measures Demographics
Demographic variables include AYA age (measured continuously), sex (female versus male), race (African American/Black versus other race) and per capita household income (measured continuously). Caregiver type (biologic parent versus other) provides information on family context. Two variables describe the cognitive ability of the participants: history of special education enrollment (yes versus no) and the Peabody Picture Vocabulary Test (PPVT-III) standard score (measured continuously), a valid measure used to assess receptive language and vocabulary acquisition.
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Psychiatric Disorder
Psychiatric functioning of AYA was assessed with the Diagnostic Interview Schedule for Children (DISC-IV) child and young adult versions. This structured diagnostic instrument asks participants about symptoms experienced in the past year of the most common psychiatric diagnoses as defined by the American Psychiatric Association's Diagnostic and Statistical Manual of Mental Disorders system. 33 Diagnoses included anxiety disorders (social phobia, separation anxiety disorder, specific phobia, panic disorder, agoraphobia, generalized anxiety disorder, obsessive-compulsive disorder), mood disorders (major depression, dysthymic disorder, mania, hypomania), disruptive behavior disorders (attention-deficit hyperactivity disorder, oppositional defiant disorder [ODD], conduct disorder), and SUD (alcohol, marijuana, other SUD). AYA met criteria for a disorder if they screened positive on the DISC-IV through self-report and/or caregiver report. The DISC-IV can assign multiple concurrent diagnoses if participants meet diagnostic criteria for more than one diagnosis. Study variables included any mood disorder, any anxiety disorder, any disruptive behavior disorder and any SUD, as well as summary variables of any psychiatric disorder (including any of the above categories) and any psychiatric disorder excluding substance use (includes anxiety, mood or disruptive behavior disorders only). The DISC-IV was administered at FU2 and FU4 only.
Adherence
To measure adherence in youth on ART, we used a single, validated self-report item. 34 Both AYA and caregivers reported on the last time the youth missed an ART dose (within the past week, 1 month ago, 2-3 months ago, >3 months ago and never). Responses were dichotomized as missed dose within the past week versus more than a week ago or never. Prior research using this item with a similar population 35 found a significant association between missed dose in the past week and detectable VL, validating this cutoff. If either AYA or caregiver reported a missed dose within the past week, it was considered a missed ART dose.
HIV RNA VL
VL data were obtained from participants' medical charts. At each follow-up interview, the 3 VL results closest to the interview date were abstracted, so that a maximum of 9 VL results were obtained for each participant. VL values were dichotomized as ≤1000 copies/mL versus >1000 copies/mL. For cross-sectional analyses, the VL value from the test occurring closest to but within 90 days of the interview date was selected. For longitudinal analyses, a continuous proportion variable was calculated from the number of VL values collected during the study period, with values >1000 copies/mL divided by the total number of values abstracted (maximum of 9 per participant). All participants with VL data within the study timeframe were included in the analyses. VL was assessed as a biomarker of HIV-related health.
Data Analysis
All analyses were conducted using IBM SPSS Statistics for Windows, Version 23.0. Descriptive statistics provide an overview of all study variables. Multiple logistic regression was used for crosssectional analysis at both FU2 and FU4 of the association between the 6 psychiatric disorder variables and (1) report of missed ART dose within the past week and (2) closest VL > 1000 copies/mL. Multiple linear regression analyzed the relationship between the 6 psychiatric disorder variables at FU2 and the proportion of all VLs >1000 copies/ mL across FU2, FU3 and FU4. All models were adjusted for age, to account for the range of ages in our sample, and for sex, which may influence adherence outcomes. 34, 36 Analyses that adjusted for race (data not shown) did not alter the significant findings, likely because of the fact that two-thirds of the sample was African American. Post hoc, we tested for potential confounding by household income, caregiver type, history of special education and PPVT score. Bivariate analyses were conducted for each of these 4 variables with every psychiatric disorder predictor as well as the outcomes of missed ART dose in the past week and VL > 1000 copies/mL. household income was $10,168, and 26% of participants had a biologic parent as their primary caregiver. Half the sample had a history of special education enrollment, and mean PPVT standard score was 81.88, which is more than 1 standard deviation below average. Mean time between FU2 and FU4 assessments was 2.7 years. At FU2 and FU4, 35% and 42%, respectively, reported a missed ART dose in the past week. Medical chart data showed that 47% at FU2 and 31% at FU4 had a VL > 1000 copies/mL. Most participants had a VL within 90 days of the interview and were included in cross-sectional analysis (96% at FU2; 77% at FU4). Across FU2, FU3 and FU4, the mean proportion of all VL results >1000 copies/mL was 0.43. On average, participants contributed 7.27 VL data points for this analysis (Table 1) .
At both FU2 and FU4, over half of AYA met criteria for any psychiatric disorder, with anxiety disorders most prevalent (27% at FU2; 32% at FU4), particularly generalized anxiety and specific phobias. Disruptive behavior disorders were the second most common diagnosis at FU2 (21%), particularly ODD. SUD was the second most common diagnosis at FU4 (25%), with marijuana and alcohol abuse/dependence as the leading subcategories. Mood disorder had the lowest prevalence (13% at FU2; 11% at FU4), with major depression the leading subcategory at both time points (data for subcategories not shown).
Cross Sectional Analyses: Psychiatric Disorder and Adherence and VL at FU2 and FU4
At FU2, multiple logistic regression analyses adjusted for age and sex showed a significant association between missed ART dose in past week and 2 psychiatric disorder variables: mood disorder (P = 0.041, odds ratio [OR] =2.65) and disruptive behavior disorder (P = 0.009, OR = 2.98; Table 2 ). Disruptive behavior disorder was also significantly associated with VL > 1000 copies/mL (P = 0.019, OR = 2.57). The association between SUD and VL >1000 copies/ mL was just shy of significant (P = 0.051, OR = 2.27). At FU4, disruptive behavior disorder was the only diagnosis that achieved statistical significance in its association with missed ART dose in past week (P = 0.009, OR = 5.05); its association with VL > 1000 copies/mL was close to significant (P = 0.059, OR = 3.44).
Potential confounding by household and cognitive variables was assessed post hoc. Bivariate analyses found no significant associations between household income, biologic parent caregiver, history of special education or PPVT score and any of the psychiatric disorder diagnoses, missed ART dose in the past week or VL > 1000 copies/mL at FU2 (data not shown). At FU4, significant associations were found between having a biologic caregiver and increased mood disorder and missed ART dose only (data not shown). However, mood disorder was not associated with missed ART dose at FU4 in our cross-sectional analyses (Table 2) . Therefore, the household and cognitive variables were not confounders and were not added to the model.
Longitudinal Analyses: FU2 Psychiatric Disorder and Proportion of VL > 1000 copies/mL Over Time
Finally, a multiple linear regression adjusted for age and sex was conducted to evaluate the association between psychiatric disorders at FU2 and the proportion of VLs >1000 copies/mL across FU2, FU3 and FU4. A higher proportion of VLs >1000 copies/mL was significantly associated with having any psychiatric disorder (P = 0.008), a disruptive behavior disorder (P = 0.041) and an SUD (P = 0.016) at FU2 (Table 3 .)
DISCUSSION
The PHIV+ AYA in CASAH exhibited a high prevalence of psychiatric disorder and viremia and reported suboptimal adherence. We found significant cross-sectional associations between psychiatric disorder and both outcomes tested: missed ART dose in the past week and VL > 1000 copies/mL within 90 days of assessment. Disruptive behavior disorder and mood disorder were significantly associated with missed doses, and disruptive behavior disorder was associated with high VL. Furthermore, in what we believe to be the first analysis to examine psychiatric disorder as a predictor of viremia over time, we found that disruptive behavior disorder, SUD and any psychiatric disorder diagnosis were associated with higher proportion of VLs >1000 copies/mL collected over the following 2-3 years. This study's findings support the literature on the association between psychiatric disorder and ART nonadherence among PHIV+ AYA [20] [21] [22] 25 and strengthen the evidence for this relationship by measuring psychiatric disorder with a detailed, standardized diagnostic tool, the DISC-IV, rather than with self-reported psychologic symptom checklists and by examining associations over time. We found support for our hypothesis that psychiatric disorder may be associated with or predict viremia that is likely caused by nonadherence. Therefore, addressing mental health and substance use problems may be an effective means of improving adherence and health outcomes in this population, as well as preventing new infections by controlling viremia. This hypothesis could be tested in trials of mental health interventions for PHIV+ AYA that assess ART adherence outcomes.
Much of the literature on mental health and medication adherence focuses on mood disorders, particularly depression. 37 In this analysis, mood disorder was associated with missed dose only at one time point, FU2. Disruptive behavior disorder emerged as the diagnosis most consistently associated with missed ART dose and viremia across analyses: significant associations were found in FU2 and FU4 cross-sectional analyses and in longitudinal analysis. This finding supports other studies of PHIV+ individuals that found relationships between nonadherence and disruptive behavior, particularly ADHD, 21, 25 as well as a study of behaviorally infected adolescents that found an association with conduct disorder. 38 Previous studies focused on younger children and adolescents. We now add to this literature demonstrating that the relationship between disruptive behavior and poor adherence persists in an older AYA population. Of the 37 PHIV+ AYA who met diagnostic criteria for disruptive behavior disorder at FU2, ODD was the most prevalent subcategory, suggesting that it may be driving the association with adherence (data not shown). We did not have the power to examine the associations of specific subcategories of diagnoses. Future research should investigate the role of disruptive behavior disorder subcategories on adherence among AYA.
Prior research has shown that substance use is a barrier to ART adherence in AYA and in adults. 11, 16 In our cross-sectional analysis, the association of SUD with viremia was shy of significant. However, it was a significant predictor of viremia over time in longitudinal analyses. We did not have the power to look at specific SUD (eg, alcohol versus marijuana). Additional research is needed to assess the association between SUD in adolescence and young adulthood on VL outcomes later into adulthood to more specifically inform interventions.
Similarly, a diagnosis of any psychiatric disorder was not significantly associated with missed ART dose or viremia in crosssectional analysis, but was predictive of future viremia. It is possible that a measure that includes multiple indicators collected over a period of time, such as the proportion of VL > 1000 copies/mL used in this study, may more accurately signal clinically relevant suboptimal adherence than an outcome variable assessed at a single time point.
The AYA in this cohort exhibited markers of suboptimal cognition and lived in low-income households with caregivers who were primarily not their biologic parent. However, these potential barriers to adherence were largely not associated with the psychiatric disorders, missed ART dose and VL variables assessed in this study. Nonetheless, future studies should consider the social and contextual issues that may affect the relationship between psychiatric disorder and ART adherence.
This study has several limitations. VL data were abstracted from participant medical charts and were subject to variations in when (relative to our assessments) and how often the AYA attended doctor appointments. Although parameters were set for the crosssectional analysis to include only the closest VL result collected within 90 days of psychiatric assessment, samples drawn on the day of the assessment would have enabled a more rigorous design. Furthermore, VL testing data were sometimes missing or outside the 90-day window established for these analyses. The missed-dose adherence variable was self-report, but a more objective measure of adherence may have yielded more reliable results. Complete information on mental health services and psychotropic medications prescribed to the AYA would have allowed us to assess the effect of such treatment on ART adherence. Finally, analysis of different combinations of psychiatric disorder comorbidities may have yielded more nuanced findings with clinical utility for healthcare providers.
Despite these limitations, the findings presented in this article contain information that can help providers identify PHIV+ AYA at risk for suboptimal adherence. Although some AYA may experience psychiatric disorder concurrently with poor adherence, psychiatric disorder may also warn of future adherence problems. Much of the literature has focused on mood disorders, but our data suggest that, among PHIV+ AYA, disruptive behavior disorders, including ADHD, ODD and conduct disorder, may be just as important, if not more so. Substance use, including alcohol and marijuana, was also a critical factor. Appropriate assessment and treatment of specific categories of psychiatric and substance use problems by skilled mental health care providers may improve adherence and prevent poor health outcomes in PHIV+ AYA, who are especially vulnerable. Future research should assess the impact of mental health services and treatment on adherence outcomes in this population. Integrated care systems that address mental health as a component of HIV care might be one of the most effective ways to identify and treat disorder and improve ART pill-taking behaviors of PHIV+ AYA. 
